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CHAPI'ER I 
INTRODUcriON 
The ideal way to :retract a cuspid in an extraction case for ortho-
dontists who use the edgewise teclmique, is through bcx:lily JIOvement of 
the cuspid. This contradicts the Begg principle which utilizes tipping 
action, followed by subsequent uprighting in cuspid :retraction. There 
are several ways cuspids may be :retracted in an edgewise teclmique. To 
name a few, there are: coil springs; :retraction segments (of which there 
are many different designs), latex elastics; and elastic polymers. In 
recent years, the use of elastic polymers in cuspid :retraction has gained 
popularity. The inc:rease is not without valid reasons. Not only is 
their use for cuspid :re""trc!-ction growing, but their use also extends to 
closing diastemas, shifting of midline, rotational correction, replace-
ment of ligature ties, and general space closure. It also has the advan-
tage of being hygienic and provides ease in its m:mipulations. 
Elastic polymers, however, have their share of problems. 'Ihey 
stain perm:mently shortly after being placed in the oral cavity. Their 
variability in force is greater canpared to elastic. They undergo per-
manent defonnation, and have been found to deform by about 60 percent 
of their original shape as compared to 23 percent for the latex elas-
tics. By far, the biggest problem associated with elastic polymers is 
1 
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their loss of power by as IInJ.ch as 50 percent within the first day. 
This poses a serious challange for those who prefer to have constant, 
continuous force exerted on the cuspid during its entire course of re-
traction. To others, this initial force decay is unacceptable. Increas-
ing the initial force in oroer to compensate for its subsequent power 
loss may result in a force which exceeds the physiological tolerance of 
the soft and hard tissues. 
The elastic polymers are anorphous polymers made fran polyure-
7 
thane materials. The exact C01II.[X>sition is a proprietary secret. The 
polyurethanes belong to a wide class of materials ranging fran oil-resis-
tant rubbers and fibers to surface coatings, flexible or rigid fonns. 
The· polyurethanes are not ~t polymers of urethane' but are derived 
"through a process of reac~ions of either polyethers or polyesters with 
di- or poly- isocyana.tes to produce complex structures· of urethane link-
age. Thus, the major component of a complex polymer is a prepolymer, 
C01II.[X>Sed of a linear polyester or polyether that has been extended seve-
ral times in structural chain length by coupling through l.irethane linkage. 8 
The polymers are not ideal elastic materials for their mxlulus 
of elasticity is very IInJ.ch dependent on the function of time and tanpe-
rature. 9 At very lOW' temperature, they are quite rigid and glassy. As 
the temperature is raised, they become tough but fairly flexible. With 
further increase in temperature, the polymer becomes rubbery. The elas-
2 
tic polymers probably occupy the physical state between the flexible 
elastics and the nore rigid gutta percha. If further heat is applied 
beyond the rubbery state, it becomes nol ten, loosing all its structural 
rigidity and behaves like a viscous liquid. 
The polymers are relatively unaffected by short exposures to water, 
but decompose under prolonged contact with water, dilute acids or moist 
8 
heat. These factors also cause swelling and slow hydrolysis. The stain-
ing of the elastic polymers in the oral cavity can be attributed to the 
filling of the voids in the rubber rnatrix by fluids and bacterial debris. 2 
10-11 
The polymers are aged by ozone through an autocatalytic process. 
This decreases the nodulus of elasticity, tensile strength, and increases 
. the elongation of the elastics. This oxidation p!X:>Cess can be protected 
by the addition of antioxidants like phenyl alpha- and beta- naphthal.amines. 
Knowing the inherent defect of the polymers in rapidly loosing 
power through the function of time and temperature, it is the purpose of 
this experiment to devise a way by which the power of the elastic polymer 
9 
could be improved. O'Driscoll maintains that the tensile strength of 
the polymers could be increased by drawing or pre-loading (pre-stretch-
ing). Hopefully, this would result in a rearrangement of the molecu-
lar chain possibly leading to an increase in covalent bonds. Tests will 
also be performed on the effects of light and heavy forces to the stress 
relaxation of the elastic polymers. At the same time, the effect of 
3 
htmrl.di ty will also be measured. 
To the best of our knowledge, there are three ccmpanies which 
manufacture elastic polymers. They are ORMCO, TP Laboratories and 
UNITEK. Both ORMCO and UNITEK ha.ve several series of elastic polymers 
on the market. To test all these products would be :impractical for it 
involves a tremendous am:runt of time. Since UNITEK m:xiules designated 
CK and C2 are used extensively in our clinic, it was decided to confine 
our tests to only these two product lines. 
The stress relaxation test is a time-dependent change in the 
stress which results through the application of a constant strain to the 
specimen at constant temperature. This test nay also be called "stress 
decay." On the other hand, the creep test is the time-dependent part of 
the strain which results fran the application of a constant stress. This 
12 
is a measurement in the :inc:r'ease of stra.:i,n due to flow under stress. 
The stress relaxation test was chosen because it would better s:irm.tlate 
the condition under which the elastic polymers· work in the oral cavity. 
4 
CHAPI'ER II 
REVIEW OF 'IHE LITERATURE 
Investigations delving into the behavior of elastic polymers have 
not been abundant. Published results vary anong the investigators. The 
methods, equipnent, and environmental set-up used in conducting the tests 
ranged from stress relaxation, to creep test, to compensation for the 
alleged decrease in distance for tooth m::>vement. Same tests were conduct-
ed by stretching the elastic to a specific distance, while others were 
subjected to a specific force. CX>mpounding the problems were the 1IBI1Y 
different elastic polymers used by the componies. Even within the same 
company, different elastic polymers are used. To make matters worse, some 
manufactures switched their chemical components within the same product 
line without taking the proper steps of infonning the users. 
Andreason and Bishara performed several stress relaxation tests 
1,3,4 
on Alastiks* and elastic in water at 37°C. ~ The Alastiks showed the 
greatest force decay within the. first day, especially the first few hours. 
On one series of tests, the force decay for the first day was 74.21 
percent. The remaining force decay rate for three weeks was 8. 2 percent. 
Thus after three weeks, only 17.59 percent of the original force remained. 
Unfortunately, no infonnation was given as to the specific type of 
*Elastic polymers manufactured by UNITEK. 
5 
.. 
6 
Alastiks used. On another test, Alastiks designated K series were used. 
This time the force decay was 54.7 percent for the first day, with 32.5 
percent remaining after three weeks. Comparing with their first expe-
riment, the difference between the two sets of tests are obvious. However, 
one nrust note that the specimens were stretched to different lengths 
instead of to one specific distance. To conclude on an experiment in 
which the variables were not controlled gives a very misleading picture. 
5 
Others like Hershey and Reynolds tried to sinn.tlate tooth movement. 
They did this by decreasing the distance of the stainless steel ~k. 
on which the mxlules were attached 0.25 nm and 0.5 nm per week. All 
force readings were made by two independent observers using calibrated 
Carpo gauges. Several products were tested, they were: UNITEK's Alas-
tiks; ORMCO's rower· Chain and Links; and TP Laboratories' Elast-0 Chain. 
At zero rate tooth movement, all nodules lost approximately 50 percent 
of initial force within the first day, with an average of 40 percent 
remaining after four weeks. S.imu.lated tooth JIDVement was found to increase 
force decay. With a decrease of 0.25 mn per week, approximately one 
third the initial. force was left after four weeks. A greater increase in 
tooth rrovement (o. 5 nm) produced a further decrease in force decay to 
about one fourth the initial force. Hershey and Reynolds also concluded 
that high and low ·initial force produced similar force decay. In other 
woros' the decay characteristics were not related to the magnitude of 
7 
Wtial force. Readers should be cautioned a.lx>ut hastily accepting the 
above conclusion.- No measurements of Wtial force were published, there-
fore it IIUlst be assumed that the higher Wtial force used were within 
the elastic limit of the m:xlules. Stretching the m:xlules beyond its 
elastic limit destroys the elasticity of the material, resulting in a -
greater force decay. 
2 
Wong found ORMX> 's Power Chains to be nore resilient than 
UNITEK' s Alastik Chains. However, the Alastiks were found to be stiffer 
and less elastic. Under creep test, the greatest a:rrount of force decay 
occured within the first three hours. The force decay then gradually 
tapered off and retiE.ined relatively constant for the rest of the expe-
riment. 
13 
Kovatch et. al. , found UNITEK' s K2 load decay to be nore rapid 
when subjected to a faster extension and higher load. Consequently, to 
avoid the· undesirable high_ force decay, they suggested the m:xlules be 
stretched- gr:>adually when being placed in position. This may slow down 
the Wtial high force decay. However, the effect on a long tenn h3.sis 
(3 to I.J. weeks) still remains to be proven. 
6 
wyola performed stress relaxation using the Instron Testing 
Instrument. His results srowed no significant difference between UNITEK's 
CK grq.y and clear. The load relaxation after 24 hours was about 50 
percent. Using regression analysis, the projected force remaining after 
8 
three weeks was 33 percent. I..oyola also supported Hershey and Reynolds' 
findings that regardless of the :initial load, the percentage of load 
relaxation will be the same. UNITEK' s Spool Chains, which apparently 
are produced by a diff~t process, and may even be composed of other 
chemical components, exhibited a greater load relaxation canpared to the 
CK nodules. Obviously, their uses should be confined to closing small 
diastemas or preserving recently closed spaces. 
The topic of using the optimal force in tooth novement has long 
been ·a subject of controversy. Numerous studies into optimum force were 
done either in vivo or in vitro. Yet, no solution can be anticipated 
within the foreseeable future. The variation in :root sizes poses a serious 
problem, and its clinical determination is difficult. The age of the 
patient; the biologic response; the difference between intermittent and 
continuous forces; the difference between lxxlily and tipping JJX>Vement 
and density of bony structures, all play a role in determin:ing optimal 
14-20 
force. Ricketts, Jarabak, Hixon et. al., Boester, Reitan and Begg 
all have their own ideas as to the optimum force for tooth novement. 
However, they have in ccmn:>n their adherence to working within the physio-
logic limit of the tooth and its supporting structures. With this in 
· mind, all tests should be conducted within the f~k of stretching 
the specimens to a physiologic force range, and not extending the materials 
to an arbitrary distance for force decay. The subsequent conclusion will 
then be m:::>re tangible and the cl:inical application m:::>re significant. 
rnAPI'ER III 
MATERIALS AND ME:IHODS 
The Inst:ron Univ~ Testing Instrument was used for testing 
the si:r'ess relaxation of the Al.astiks (Figure 1). This m3.chine has 
the capacity to stretch the plastic JOOdules to a certain distance, 
while at the same tme recording the stress relaxation of the material. 
The Instron was selected over the use of ·gauges for its rel.i.al>Uity and 
10 
accuracy. Nemtan found the gauges to be inaccurate after a certain 
period of use. A 10 pound load cell automatically took the reading for 
the stress relaxation and recorded it on a chart. It can be said with 
confidence tha.t thiS method of :measurenent is considerably nore accurate 
3 
than relying on the reading of measurements by two or nore observers. 
A timer (Figure 21 wa,s fitted for this experiment. Its function automa.-
tiqa].ly- recOrded the 1~ ;relaxation once every 15 minutes for a short 
period of 1~5 mirutes. A second ·ti.ner turned' off the Instron e'Very 24 
hours. After each test, the chart paper was I'Qlled back in order to 
utilize the unused portion of the chart for the next test. 
UNITEKt.s Alastiks were used· throughout the experiments. They 
we;re specifically the CK grey and C2 grey (Figure 3). The grey 
Alastiks were chosen for their consistency in power over the clear ones. 
To be assured of their "freshness", the materials were obtained directly 
from UNITEK. The m:xfules remained sealed in their plastic containers 
9 
5 
10 
Figure 1. The Instron Universal Testing Instrument. 
Figure 2 . Interval timer. 
Figure 3. Unitek Alastik CK gray (above) 
and C2 gray (below) . 
Figure 4. Alastik CK chain under load at 90.7 gms. 
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throughout the experiments except when being ~eel for ~~ting. All 
forms of contamination were avoided through the use of tweezers. 
During the earlier part of this· paper, it was explained that 
there are variable forces .used in maxillary and·~ cuspid retrac-
tions, and a general agreenent on the optinun force has yet to be 
reached. In the Orthodontic Department , Loyola University, School of 
Dentistry, an activation of'190 grems for a retraction segment has been 
the favorite anong several instructors. However, with the anti.:.tip and 
anti-rotation subsequently built into the retraction segment, this 
could tremendously :increase the force absorbed by the root surface in 
addition to the 90 grems. When Alastiks were used instead for retraction, 
one chain each was placed on the· buccal and lingual side in order to 
21 
el:i.m.ina,te :rotational movanents. If each chain was activated to 90 
gra,ms, the tw::> chains would produce a canbined force of 180 grams ini-
tially. This would st:i:ll be within the acceptable limit suggested by 
18-20 
some r.esea;r:cllers. With this rationale, 90 grems or 0.2 pound was 
used as the initial load for testing the stress relaxation. (Figures I.J., 
5). At the same time,four m:xlules were used for each test sample, with 
each nodule repr'eSenting each tooth :fu:m cuspid to the first IIDlar. 
A s:imple sliding apparatus was constructed to preloa.d(p.rest:retch) 
the Ala,st:ik chain (Figure 6) • Two lingual buttons were used to stretch 
the clain. One lingual button was glued to a stationary part, while 
12 
Figure 5. Alastik C2 chain tmder load at 90.7 gms. 
Figure 6 . Apparatus used for · pre-stretching 
the Alastiks. 
13 
the other to the nobile segment of the sliding mechanism. This mechanism 
allowed the stretching of the chain to any selected distance. Pre-loading 
in a horizontal linear plan was preferred over pre-loading with a CorTex 
gauge due to the unreliability of the gauge in giving a correct force 
reading. Furtherm:Jre, clinicians may find a greater practicality in 
stretching the chain to a linear direction. Pre-stretching of the chain 
involved the shortest time possible, and the chain was returned :inme-
diately to its original position. Since there was no previous basis for' 
reference, the lengths were arbitrarily selected for pre-loading. 
All the stress relaxation tests were conducted in de-ionized water 
at 37°C :1: 1. This laboratory env.irorment was set up to closely simulate 
the condition of the oral cavity. Bishara and Andreason found no diffe-
rence between saliva and distilled water. A water bath was constructed 
with provisions for hooks on which. the Alastiks were attached (Figure 7) • 
Plastic tubing cormected the water bath to. a heated water bath unit. A 
water ptmip autOIIE.tically circulated the water between these too bath 
every few seconds, assuring a constant temperature surrounding the 
Alastiks. 
Both the Instron ctX:>sshead and chart speed were set at 2 inches 
per minute. Once the Alastik chain was attached to the hooks inside the 
water bath, the crosshead of the Instron was raised manually to gain 
control in adjusting the initial load. 
Five samples were randomly selected for each type of experiment. 
14 
15 
Figure 7. The constant temperature water bath. 
Both CK and C2 controls were set at 90 grams or 0.2 pound for the initial 
load. In the CK group, pre-stretching was done at 14 mn and 23 nm. Pilot 
tests were run to detennine the conversion from linear distance into 
force :readings. The chart and crosshead speed were adjusted at 20 inches 
per minute, and a continuously increasing load was applied until the 
chain broke. For a linear distance of 14 nm and 23 nm, the equivalent 
measurement in force was 1. 8 pound and 2. 6 pound respectively. Pre-
stretching was tested at 48 mn (2.6 lbs.), 36 mn (2 lbs.) and 18 nrn (1 lb.) 
;fop the C2 group~ The conversion from linear measurement into force 
depends on the. crosshead speed of the Instron. Greater crosshead speeds 
result in lowering of the Alastik' s breaking point. 
ln qnother C2 test, a group of chains was subjected to a higher 
ini-tial loa,d of 0.4 pound or 181.4 grams. This 100 percent increase in 
load would dennnstrate the characteristic behavior of the Alastiks under 
different stress. 
Another group of C2 with the same initial load as the control was 
pla.ced under 100 percent humidity. To m.lmic a high humidity environment, 
the chains were placed for ten days in a container filled with distilled 
water at room temperature. The inner walls of the container were lined 
with sponges to ensure an equal distribution of water all around. The 
chains were placed in a platfonn one-half inch above the water level, 
avoiding any direct contact with water. 
The Instron machine and the design of our experimental set-up 
16 
penni tted only one test to be performed at a time. D.le to this limitation, 
it was necessary to limit the experimental time for each test to only 24 
hours. No simulated tooth movement was deemed necessary since there is 
still great controversy surrounding this ma.tter. In addition, the de-
crease in length (cuspid to molar) within the first 21:J. hours is insigni-
ficant in comparison to the total length on which the chain was stretched. 
To test for the breaking point of CK and C2 Alastiks, ten samples 
ma.de up of four nodules per chain were used. Each chain was stretched 
at a constant speed until breaking point was attained. 
17 
CHAPI'ER IV 
RESULTS 
The Alastiks CK control at an initial load of 90.7 gms. showed an 
average force of 63.4% remaining after the first hour. This force decay. 
continued on to the last measurement, the 24th hour, at which only 43.6% 
. remained (Table I). The CK samples pre-stretched to 23rmn ( 2. 6 lbs. ) , 
with subsequent loading at 90.7 gms. (Experiment A), was found to have 
an average force of 67. 8% ranaining after the first hour. This decreased 
to 54.8% after the first day (Table II). Comparing the data from Expe-
riment A to the CK control, it was found that after 24 hours, the pre-
stretched chains suffered less stress relaxation (11. 2%) than the 
unstretched control. This difference anounts to a 25.7% increase in 
usa,ble force after 24 hours. 
The second group of CK Alastik pre-stretched to 14 rmn (1. 8 lbs.) 
(Experiment B), also resulted in less stress relaxation. After the first 
hour, 69.4% force remained, decreasing to 51% after the 24th hour (Table 
III). This represents an increase of 7.4% force remaining over the CK 
control. 
"T" tests were used to evaluate statistical significance between 
the control and the different experimental gr'OUp. With "T" limit set 
at 99% confidence limit (3. 36), the "T" value (:!: 5) between the CK con-
18 
TABLE I 
PERCENTAGE OF FORCE REMAINING FOR AI.ASTIK CK CONTROL 
(INITIAL lDAD - 90.7 gms,) 
PERCENTAGE OF FORCE REMAINING 
TIME-HOURS 
SAMPLE 
1 6 12 18 24 
----------------------- ---------------------------------------------------------------
I 
II 
III 
IV 
v 
AVLRAGE 
:!: STANDARD DEVIATION 
65 
61 
61 
65 
65 
63.4 
2.19 
52 
47 
45 
49 
50 
48.6 
2.7 
50 
43 
. 43 
52 
47 
47 
4.06 
45 
40 
40 
50 
43 
43.6 
4.15 
47 
40 
40 
48 
43 
43.6 
3.78 
TABLE II 
PERCENTAGE OF FORCE REMAINING FOR AI.ASTIK CK EXPERIMENT A 
(PRE-WAD 23 mm) 
SAMPLE 
I 
II 
III 
IV 
v 
AVFJWl,E 
± STANDARD DEVIATION 
1 
68 
70 
70 
64 
67 
67.8 
2.48 
PERCENTAGE OF FORCE REMAINING 
TIME-HOURS 
6 
60 
64 
60 
55 
58 
59.4 
3.28 
12 
54 
58 
56 
58 
59 
57 
2 
18 
52 
55 
53 
57 
60 
55.4 
3.2 
24 
51 
54 
55 
54 
60 
54.8 
3.27 
TABLE III 
PERCENTAGE OF FORCE REMAINING FOR AI.ASTIK CK EXPERIMENT B 
(Pre-!.Dad 14 Jim) • 
SAMPLE 
I 
II 
III 
IV 
v 
AVERAGE 
t STANDARD DEVIATION 
1 
67 
72 
70 
70 
68 
69.4 
1.94 
PERCENTAGE OF FORCE REMAINING 
TIME-HOURS 
6 12 18 
55 
58 
63 
52 
55 
56.6 
4.15 
52 
60 
59 
50 
58 
55.8 
4.49 
51 
59 
53 
48 
51 
54.4 
4.1 
24 
49 
54 
51 
50 
51 
51 
1.87 
22 
trol and Experiment A showed a statistical difference. This was also 
true between CK control and Experiment B, with "T" value at ! 3. 7 (Table 
IV ). 
a 
Since the difference between the Experiment A and Experiment B 
at the 24th hour was 3.8%, "T" test also was used to compare these two 
groups. At 95% confidence limit (2.31), there was a statistical diffe-
rence between the two pre-stretching, with "T" value at :!: 2. 356. How-
ever, if the confidence limit was raised to 99%, there was then no diffe-
renee between the two pre-stretched groups. 
The Alastik C2 rrr:x:lul.es exhibited an entirely different behavior 
compared to the CK chain. With the C2 control samples subjected to the 
same conditions as the CK control, initial load of 90.7 gms., the first 
hour showed an average of 68.6% force remai.n:ing. This d:t:upped to an 
average of 56.4% after the first day (Table V) . The three experimental 
groups pre-loaded to 48 :mm or 2.6 lbs. (Experiment C), 36 :mm or 2 lbs. 
(Experiment D), and 18 nm or 1 lb. (Experiment E); exhibited at the first 
hour: 63.4%, 70.2%, and 70.4% respectively (Table VI,''VII, and VIII). 
In the same oroer, the forces were reduced to 52. 6%, 57% and 57.2% after 
the first day. It JIE.Y be noted that Experiment C, instead of maintaining 
or produc:ing an increase in power, exhibited a net loss of 3. 8% compared 
to the C2 control. On the other hahd, Experiment D and E showed less 
stress relaxation with a resultant 2% increase in power in :relation to 
the C2 control. 
, 
TABLE IVa 
"T" TEST SUMMARY 
MFAN STANDARD DEGREES SIGNIFICANT 
N (% FORCE DEVIATION T-VALUE OF DIFFERENCE 
REMAINING) FREEOOM P=.05 P=.Ol 
CK Control 5 43.6 3.78 
5.00 8 Yes Yes 
Experiment A 5 54.8 3.27 
CK ContJ::'Ol 5 43.6 3.78 
3.79 8 Yes Yes 
Experiment B 5 51.0 1.87 
Experiment A 5 54.8 3.27 
2.35 8 Yes No 
Experiment B 5 51.0 1.87 
C2 Control 5 56.4 3.50 
2.12 8 No No 
~:in)ent C 5 . 52.6 2.40 
C2 Control 5 56.4 3.50 
0.43 8 NO NO 
Experiment D. 5 57.0 2.:23 
!'.) 
w 
' TABLE IVb 
. . ''T" .TEST SUMMARY' . 
··-
... 
MEAN ST.ANIWID DEGREES SIGNIFICANT 
N (% FORCE DEVIATION T-VAUJE OF Dif'fERENCE 
RIMAINING) FREEOOM P=.05 P=.Ol 
C2 Control 5 56.4 3.50 
0.36 8 No No .. 
Experiment E 5 57.2 5.01 
.. 
C2 Control 5 56,4 3.50 
0.00 8 No No 
Experiment F 5 56.4 3.78 
C2 Control 5 56.4 3.50 
2.80 8 Yes No 
Experiment G 5 48.8 4.81 
CK Control 5 43.6 3.78 
5.52 8 Yes Yes 
C2 Control 5 56.4 3.50 
"'-) 
-1= 
TABLEV 
PERCENTAGE OF FORCE Rn1AINING FOR AI.ASTIK C2 CONI'ROL 
. (INITIAL lDAD - 90.7 gms.). 
PERCENTAGE OF FORCE REMAINING 
SAMPLE 
I 
II 
III 
IV 
v 
AVERAGE 
± STANMRD DEVIATION 
1 
70 
67 
69 
70 
67 
68.6 
1.51 
TIME-HOURS 
6 
61 
55 
56 
58 
59 
57.8 
2.38 
12 
57 
50 
51 
54 
64 
55.2 
5.63 
18 
55 
50 
50 
55 
61 
54.2 
4.54 
24 
58 
55 
51 
58 
60 
56.4 
3.5 
,-,~~,...., - ¥9ZQii4i£ WW4 Q 
., '.-.....-... ··-·· .. ~·--~~ 
TABLE VI 
PERCENTAGE OF FORCE REMAINING FOR ALASTIK C2 EXPERIMENT C 
(PRE-lDAD. 48 nm) 
SAMPLE 
I 
. II 
III 
IV 
v 
AVFJ.WJE 
t STANDA.RD DEVIATION 
1 
61 
64 
68 
64 
60 
63.4 
3.13 . 
PERCENTAGE OF FORCE REMAINING 
TIME-HOURS 
6 
53 
54 
57 
53 
50 
53.4 
2.5 
12 
51 
50 
55 
51 
50 
51.4 
2.07 
18 
50 
. 47 
55 
51 
50 
50.6 
2.88 
24 
54 
52 
56 
51 
50 
52.6 
2.4 
TABLE VII 
PERCENTAGE OF FORCE REMAINING FOR AlASTIK C2 EXPERIMENT D 
(PRE-WAD 36 mn) 
SAMPLE 
I 
II 
III 
IV 
v 
AveRAGE 
± STANDARD DEVIATION 
1 
70 
70 
70 
72 
69 
70.2 
1.09 
PERCml'AGE OF FORCE REMAINING 
TIME-HOURS 
6 
61i 
60 
62 
65 
59 
62 
2.51i 
12 
61 
59 
61 
61 
58 
60 
1.41 
18 
60 
56 
57 
58 
56 
57.!i 
1.67 
21i 
60 
58 
S!i 
57 
56 
57 
2.23 
I 
II 
III 
IV 
v 
TABLE VIII 
PERCENTAGE OF FORCE REMAINING FOR AI.ASTIK C2 EXPERIMENT E 
(PRE-IDAD 18 mn) 
--
1 
-"• 
71 
69 
71 
71 
70 
PERCENTAGE OF FORCE RmAINING 
6 
60 
57 
64 
60 
59 
TIME-HOURS 
12 
58 
55 
64 
58 
54 
18 
57 
54 
64 
57 
52 
24 
59 
53 
65 
56 
53 
---------------------------------------~---------------------------------------------
AVLRNJ£ 70.4 60 
± STANDARD DEVIATION 0.89 2.54 
57.8 
3.89 
56.8 
4.54 
57.2 
5.01 
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'!he results of the "T" tests (Table IVa and IVb) for Alastik C2 
control vs. Experiment C ,D, and E, indicate that they neither signifi-
cantly increase nor decrease the forces at either 99% or 95% confidence 
limit. It was also obvious that there was no significant difference 
between the three experimental groups. 
'!he C2 m:x:lules (Experiment F) subjected to a 10-day period of 
relatively 100% ht.nnidity, with subsequent initial loading at 90.7 gms., 
had 73.4% force raraining after the first hour. '!his decreased to 56.4% 
' on the 24th hour (Table IX) • '!he "T" test showed no difference between 
C2 control and Experiment F. 
When the C2 m:x:lules (Experiment G) were placed on a higher ini-
tial force of 181.4 gms., an increase of 100% in load compared to the 
C2 control, the outcane was a considerable loss in power. '!he results 
at the first hour were 63% force remaining, decreasing to 48.8% after 
the first day (Table X) • '!his was a net loss of 7. 6% compared to the 
C2 control. At 95% confidence limit, the "T" test showed the two groups 
to be statistically different. However, if the confidence limit was 
raised to 99%, then there would be no statistical difference between the 
higher and lower forces. 
Since the CK control and C2 control exhibited 12.8% difference 
in force after the first day, with the C2 control retaining a higher 
force value, "T" test was again used to evaluate the difference between 
the two gr'Oups. As expected, the "T" test at 99% confidence limit showed 
TABLE IX 
PERCENTAGE OF FORCE REMAINING FOR AI.ASTIK C2 EXPERIMENT F 
(100% relative humidity) 
I 
II 
III 
IV 
v 
+·STANDARD DEVIATION 
..... . . . ..... . 
1 
68 
72 
76 
75 
76 
73.4 
3.43 
PERCENTAGE OF FORCE REMAINING 
TIME-HOURS 
6 
58 
60 
66 
65 
60 
61.8 
3.49 
12 
57 
58 
64 
64 
55 
59.6 
4.15 
18 
56 
56 
62 
62 
53 
57.8 
4.02 
24 
56 
55 
·so 
60 
51 
56.4 
3.78 
w 
0 
TABLE X 
PERCENTAGE OF FORCE RmAINING FOR AI.ASTIK C2 EXPERIMENT G 
(INITIAL lDAD - 181. 4 g)IIS. ) 
SAMPLE 
I 
II 
III 
IV 
v 
AVERAGE 
1 
60 
64 
66 
59 
66 
63 
PERCENTAGE OF FORCE REMAINING 
TIME-HOURS 
6 
48 
52 
54 
49 
61 
12 
45 
50 
53 
47 
58 
18 
43 
48 
50 
45 
56 
T- STANDARD DEVIATION 3~.31 
52.8 
5.16 
50.6 
5.12 
48.4 
5.02 
-· 
24 
43 
50 
51 
45 
55 
48.8 
4.81 
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the two Chains, CK and C2, to be different from each other. 
Due to the fact that. the experiments were conducted for one day, 
it was necessary to use regression analysis in predicting the power of 
the ch:rins beyond the experimental period to better understand its beha-
vior. The initial step was to establish ·coefficient of correlation (r)*, 
i.e. , the presence of relationship between the variables; in this case, 
the relationship between percentage of force remaining (dependent varia-
ble) and time (independent variable). In the CK control, r was -0.975, 
establishing a vecy high correlation between the two variables. This 
2 
was further supported by a r- ** of 0. 95. The next procedure was to pre-
dict the force, using semi-log ~ssion equation of 
Y=A+BlogX 
With A (intercept) at 61.51%, B (slope) at -14.3%, and log X representing 
a particular time period; the anrrunt of force left after the first, 
second, third, and fourth weeks were: 29.3%, 25.3%; 22.8%; and 21.0% 
respectively. The standard error of estimate*** was only 1.17. Another 
*r = measures the absence or presence of linear relationship 
between the two variables. An r of +1 or -1 or close to 1 indicates 
a strong linear relationship. 
**Coefficient of determination = represents the proportion of 
the variance in one variable explained by the other. Value ranges from 
0 to 1. 
***S.E.E. = it is the "average residual" or "average error" in 
predicting Y from the regression equation. 
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step was carried out further testing the statistical significance of 
regression coefficient by using F ratio*. At 99% confidence level, the 
F ratio from the statistical table was 7. 9, while the calculated F value 
was 440. 03. Thus the experimental results showed an extremely high level 
of statistical significance for the regression coefficient (Table XI) • 
For C2 control and Experiments A-G, Table XI exhibited the various 
data used in computing the semi-log regression analysis; standard error 
of estimate (S.E.E.); F value; and the remaining force (iri percent) for 
each chain predicted on weekly basis. AU data showed high correlation 
and minimum errors in prediction. Since the value of S .E .E. are extremely 
low, it is expected that the experimental errors, such as human errors, 
did not significantly altered the experimental results, thereby affecting 
the weekly force predictions. 
All computations were run employing l.Dyola University's IBM 
360/65 Computer, program according to specification of SPSS.** 
Based on the predicted force remaining at the fourth week, Experi-
ments A and B exhibited an increase in usable force of 93% and 64% res-
pectively over the CK control. As for the C2 samples, the predicted values 
*If the computed F value is larger than the statistical table's 
critical value for a given level of significance, a statistical signi-
ficance is established for B. 
**Statistical Package for Social Sciences. Norman H. Nie, et. al. 
McGraw-Hill Book Company. 2nd edition, 1975. 
TABLE XI 
STATISTICAL RESULTS AND PREDICTIONS 
SAMPLE STATISTICAL PARAMETERS 
r2 A B 
CK Control -0.97 0.95 61.51 
Experiment A -0.98 0.96 66.79 
Experiment B -0.96 0.93 67.07 
C2 Control ...;0.90 0.81 66.49 
Experiment c -0.88 0.77 61.48 
Experiment D -0.97 0.94 70.25 
Experiment E -0.94 0.89 68.06 
Experiment F -0.97 0.95 71.36 
Experiment G -0.97 0.94 61.03 
r •correlation coefficient 
r 2•coefficient of determination 
A •intercept at Y 
B •slope 
-14.3 
- 9.2 
-11.5 
- 9.2 
- 8.5 
-10.0 
-8.9 
-11.0 
- 9.8 
FORCE PREDICI'IONS-WEEKLY* 
S.E.E. F-Value. 1st 2nd 3rd 4th 
1.17 440.03 29.6 25.3 22.85 21.0 
0.68 552.56 46.1. 43.3 41.8 40.6 
1.15 299.08 41.4 38.0 35.9 34.5 
1.61 98.25 45.9 43.1 41.5 40.3 
1.69 76.45 42.3 39.8 38.3 37.2 
0.89 378.52 47.8 44.8 43.0 41.7 
1.13 187.71 48.0 45.3 43.7 42.6 
0.85 495.64 46.7 43.4 41.4 40.1 
0.89 361.49 39.1 36.1 34.4 33.1 
S.E.E. •standard error of estimate. 
*Predictions are percentage of force remaining. 
supported the "T" test :results that there are no difference in force 
between the control and experimental groups. In fact, Experiment C 
decreased 7.8% compared to the C2 control in the predicted force. The 
high initial loading of Experiment G resulted in a 17.8% reduction of 
usable force cc:mpared to the C2 control after four weeks. 
Figures 10-18* show the computer generated plots of the curvi-
linear and semi-log :regression of the various experimental groups. 
There was only a very slight difference in the breaking point 
of the CK and C2 chains. The CK had an average breaking point of 3. 41 
lbs. + 0. 29, while the C2 had 3. 33 lbs. + 0. 46 in breaking point (ave-
- -
rage of ten specimens for each group) . 
35 
*These figures were drawn by a computer plotter, TSP 212 plotter, 
which was attached to IBM 360/65 computer. 
CHAPrER v 
DISCUSSION 
It was init.:i..ally thought that the Alastiks, CK grey and C2 grey, 
were basically fabricated from the same mater.:i..als and that the diffe-
rence between them was the interm:xiular distance. Consequently, it was 
expected that the two units would show sim:iJ.ar mechanical behavior, 
whether it be manifested in the form of force decay or the effect due 
to pre-stretching. However, the results of the tests indicated the ini-
tial thoughts were incorrect and a totally new concept of the behavior 
of Alastiks was developed. 
The greatest force decay for the Alastiks occured within the 
first six hours, after which the force decay gradually tapered off 
(Table I-III, V-X). This is illustrated on the curvilinear regression 
for each Alastik (Figures 8-16). Using semi-log regression analysis, 
it was possible to predict the force remaining in the Alastiks without 
carrying the experiments to three oti four weeks' time. It was also 
fonnd that the data collected was highly correlated and that there was 
a minimum error in the predictions (Table XI). In addition, the statis-
tical analysis of the data made it possible to accurately predict the 
mechanical behavior at three or four weeks, after studying the behavior 
for only 24 hours. The results showed the force decay vs. time to be 
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Figure a. Percentage of Force Remaining vs. Time for Alastik CK Control 
At Initial Load of 90.7 gms. 
Time-Log Scale (+); Time in Hours (x). 
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Figure 9. Peroenta.ge of Force Remaining vs. Time for Alast:i.k CK · 
2 
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Experiment A Pre-Stretched to 23 nm. 
Time-l.Dg Scale (x); Time in Hours (+). 
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Figure 10. Peroentage of Force Re:rain:ing vs. T:ime For Alastik CK 
Exper:iment B Pre-Stretched to 14 nm. 
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Figure 12. Percentage of Force Renaining vs. Time for Alastik C2 
EKperiment C Pre-Stretched to 48 mn. 
Time-log Scale (x); Time in Hours ( +). 
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Figure 13. Pereentage o~ :force Remaining vs. Time For .Alastik C2 •"j('·, 
Exper:iment D Pre-Stretched to 36 nm. 
Time-log Scale (x); Time in Hours (+). 
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Figure 14. Percentage of Foroe Renaining vs. Time for Alast:i.k C2 
Experiment E Pre-Stretched to 18 nrn. 
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Figure 15. Percentage of Force Rerraining vs. Time for Alastik C2 
Exper>:iment F (100% :relative humidity) at Initial load of 90.7 gms. 
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Figure 16. Percentage of Foree Renaining vs. Time for .Alastik C2 
Experiment G at Initial I..oad of 181.4 gms. 
Time-Log Scale (x); Time in Hours (+). 
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a semi-logarithmic function. That is, a linear plot, having a very 
significant "r" value, resulted fran the plot of log of time vs. fon::e 
decay. The integr>i ty of the data enabled us to make accurate long term 
predictions after relatively short test durations. One obvious benefit 
of this fact was that a much larger mnnber of samples were able to be 
tested in an equivalent am::runt of time. Through the semi-log regression 
analysis, it was shown that the fon::e decay for the Al.astik after the 
first week was minimal canpared to the dramatic loss of power within the 
f.h>st day. Based on the predictions, the CK control had 21% of the ori-
ginal force left after the fourth week, while it was '+0% for the C2 con-
trol. The force decay between the f.h>st and fourth week was no gr>eater 
than 9% of the original force in any group of the Alastik tested. In 
fact, the difference in force between the third and fourth week was even 
smaller -- no larger than 2%. Knowing the minimal difference in force 
between third and fourth week, it is advisable to change the .Alastik 
chain at the fourth week instead of the third week, provided that the 
renaining power of the chain still produce force within the orth:>-
dontist' s min:inn.nn requirement. 
The Alastik C2 control were found to have 12. 8% m::>re force 
compared to the CK control at 2'+ hours (Table I and V), despite the fact 
that all were subjected to the same initial load. The "T" test also 
showed them to be significantly different from each other. 
In pre-loading, which consisted of rapidly stretching Alastik 
I.J.7 ' 
chain to a selected distance and returning immediately to its original 
form, only the CK gruup exhibited significant increase in strength which 
amounted to 17-25% after 21.J. hours. On the other hand, the force remain-
ing after four weeks was 64-93% greater than the control. To deter-
mine which type of pre-stretching ( 23 nm or li.J. mn) is better than the 
other would depend on the statistical interpretation. At 99% confidence 
l:i.mi t, there was statistical difference between pre-stretching at 23 nm 
and li.J. mrn. This means pre-stretching to 23 mrn would produce a greater 
increase in force. However, at 99% confidence limit, there will be no 
statistical difference between the ~. 
The three different methods of pre-stretching for C2 chains did 
not increase the strength of the samples at the 21.J.th hour nor the pre-
dicted fourth week. Knowing that pre-stretching only affects the CK 
chains, and that the C2 chains had more force left after 24 hours, it can 
only be assumed that the difference was either the result of physical 
shape, or difference in chemical components. It was felt however, that 
the difference may be due to the composition· since the chains appeared 
to be made under the same manufacturing process. Information obtained 
22 7 
. fran Anderson and U.S. Patent Office concerning compositions of Alas-
tiks have been unsatisfactory and inadequate. The only known fact about 
Alastiks is that they are derived from p::>lyurethane materials. 
The Alastiks are manufactured fran an amorphous p::>lymer. The 
molecular arrangement of the amorphous p::>lymer is analogus to a bowl of 
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cooked spaghetti which is :irregula:t>ly a.rTanged. In stretching or draw-
ing, the tensile force causes the polymer chains to slide past one ano-
ther, thus aligning themselves together. Crystallization will occur 
when spatial considerations allow it. But even when this does not 
happen, the m:>lecular structures become nore orderly arranged and thereby 
penni t greater interaction of the dispersion force, resulting in greater 
dipole-dipole interaction or covalent bond formation. Ultimately, this 
increases the tensile strength, whether the pblymer chains are crystal-
lized or not, as long as the stretching is done within the elastic 
limit. 
Humidity does not appears to affect the strength of Alastiks. 
When C2 chains were exposed to 100% relative humidity, the resultant 
force at the 24th hour, or projected force at the fourth week was the 
same as the control group. This should be distinguished fran direct 
exposure to water, which will reduce the strength of the chain. 8 
The experimental results on high and low. forces contradicted 
wyola 6, and Hershey and Reynolds 5 belief that difference in initial 
load "WOuld not affect the strength of the chain. Experiment G, subjec-
ted to a high initial load of 181 gms. as coorpared to the 90 gms. of the 
C2 control, had significantly less force at the 95% confidence limit, 
but not when the statistical standard was raised to an even higher level 
of 99% confidence limit as was done for all the "T" tests. It can then 
be interpreted that as the initial load increases, there is a proportio-
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nal decrease in the strength. High and low initial load nay not affect 
the strength of the chain only as long as the load is within the elastic 
limit. However, once the elastic limit is surpassed, as nay h3.ve been 
the case in Experiment G, the elasticity of the chain decrease as a 
result of irreversible slippage of m:>lecular chains pa.st one another. 
In anticipation of 60-70% force decay at the fourth week, an increase 
of three to four tfu!.es the initial force of 90 gms. for each Alastik 
chain on the buccal and lingual side, ~d theoretically produce an 
acceptable canbined force at the fourth week. · This means for each Alas-
til< chain a high load of 270 to 360 gms. has to be applied. These loads 
surpassed the initial load of 181 gms. for Experiment G, which was proven 
to have a significantly greater force decay compared to a lower initial 
load of 90 gms. Therefore, the over-extended initial force would not 
follow the regular pattern of force decay. This should also cast doubt 
on Andreason and Bishara 'sl suggestion of stretching to four tfu!.es the 
intended initial load in order to compensate for subsequent force decay. 
Clinically, applying a high initial force would not only produce the 
reverse effect by reducing the strength of the chain when the elastic 
limit is surpassed, but the extremely high initial load . may produce l.lllder-
mining resorption as a result of damage to the integr>i ty of the capilla-
ries. 
Both CK and C2 exhibited recovery of approximately 2% in force. 
The recoveries had no specific pattern and occured anytime during the 
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experimental period o The results of the breaking points showed the CK 
· and C2 to have alm::>st identical breaking point ( 3 .4 lbs o and 3 o 3 lbs. · 
respectively). The breaking po:i:nt has no apparent relationship to the 
rate of force decay, since CK and C2 control exhibited different force 
decay. The rates of stmin will be indirectly proportional to breaking 
point, i.e. , high rate of strain would produce lower breaking point. 
Ck and C2 chains are made of 12 nodules each, with CK chains 
having three :injection sites, while C2 have four. Each :injection site 
thus c6vers four and three m:xiules for CK and C2 respectively. Figures 
17 and 18 showed the CK and C2 chains when stretched to a high load. In 
CK, the m:xlule farthest away from the injection site was the weakest 
anong the four and exhibited the greatest distortion. On the other hand, 
the :intenoodular link between the C2 chain is the weakest. Apparently, 
the dispersion of the material during manufacturing was not evenly dis-
tributed. The weakest m:xlule and the :intermodular link may have shared 
the largest proportion :in the overall force decay. Clinically, the use 
of the m:xiules should be carefully selected, and the weakest avoided 
whenever possible. Utilization of the three m:xlules closest to the :injec-
tion site may result to lower force decay, thus avoiding the temptation 
of overactivat:ing the chain :in order to canpensate for its subsequent 
force decay o 
Despite ·the results of the experiments which showed that Alas-
tiks lose a considerable amount of force after four weeks to a level 
r 
Figure 17. Alastik CK chains stretched to a high 
load. Arrows indicate injection sites 
for the mold. Lines indicate modules 
with the greatest deformation. 
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Figure 18 . Alastik C2 chain stretched to a high 
load. .Arrows indicate injection sites 
for the mold. Lines indicate intermod-
ular link with the greatest deformation. 
52 
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that is not acceptable to many, Alastiks have proven to work clinically. 
Its ability in retracting cuspids, closing diastema.s, and correcting 
rotations has proven to be effective as other means. As an outcome of 
the results, questions are raised on the proper environment needed to 
st.imulate bone resorption, and the time lapse for a tooth to nove follo-
wing an applied force. Then there is the controversial topic of an 
ideal force for cuspid retraction. The successful use of Alastiks 
should not overshadow the fact that the elastic JX>lymer is far fn:m 
being an ideal material. Improvement would definitely benefit the 
current product. In several personal carm.mi.cations with Anderson21, 
it was learned that the injection sites ma.y be increased to six per 
12-roodule chain. Hopefully, this may lead to a better Alastik chain. 
CHAPI'ER VI 
SUMMARY 
The objective of this study was to investigate the possibility 
of reducing the stress relaxation of elastic polymers by pre-stretching. 
UNTI'EK CK gre.y and C2 gr:>ay were used in the exper:iments . , FOI..li" nodules 
were used for each sample. 
The CK chains were pre-stretched to 23 nm, and 14 nm. On th~ 
other hand, the C2 chains were pre-stretched to 48 nm, 36 mm, and 18 mn. 
Tests were also conducted to determine the effect of 100% rela-
tive htmrl.dity to the strength of the Alastiks, and the effect of high 
and low initial load to force decay. 
The greatest force decay, approxinately 45%, occ~ed in ·the first 
six hours, after which the force decay gradually tapered off. There was 
43.6% force remaining for CK gray and 56.4% for C2 gray after 24 hours. 
The difference in force decay between the first and fourth week was 9%, 
dropping to no JIDre than 2% between the third and fourth week. 
The breaking point of the Alastiks are not directly related to 
the rate of force decay, although the rate to which the chains were 
extended will lower the breaking point. 
Pre-stretching for CK chains increased the strength by lowering 
the stress relaxation. Both Experiments A and B increased in force ftum 
54 
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7-11% on the first day, although Experiment A produced a better force. 
Pre-stretching for C2 chains did not increase nor decrease the 
strength of the chain. 'Ihis led to the belief that the CK and C2 chains 
may be made of different materials. 
The increase in power for CK chains in pre-stretching may be due 
to the rearrangement of the m::>lecular structures, from an unarranged to 
an arranged pattern, thus increasing the interaction of dipole-dipole or 
covalent bond reactions. 
Short exp:>sures (10 days) to 100% relat:i,ve humidity did not affect 
the strength of the chains. 
Higher initial force will start decreasing the strength of elastic 
polymers once the elastic limit is surpassed. High or low initial force 
has no effect on the rate of force decay as long as it is within the 
elastic limit of the elastic polymer. 
The m::x:lule and the internDdular link furthest away from the injec-
tion site is the weakest and distort the m::>st under stress relaxation. 
Its use should be avoided as nruch as possible. 
In conclusion, Alastiks are far from being ideal materials for 
orthodontic use. Reduction in force decay should be a prime considera-
tion in improving the quality of the material. 
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